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Section 1 


INTRODUCTION 

This document summarizes the supporting cost and schedule data for the second half 
of the Space Shuttle System Phase B Extension Study. The major objective for this period 
was to address the cost/schedule differences affecting final selection of the HO orbiter 
space shuttle system. The contending options under study included the following booster 
launch configurations: 

• Series Burn Ballistic Recoverable Booster (BRB) 

• Parallel Burn Ballistic Recoverable Booster (BRB) 

• Series Burn Solid Rocket Motors (SRM T s) 

• Parallel Burn Solid Rocket Motors (SRM’s). 

We also examined the implications of varying payload bay sizes (15x60 and 14x45) for 
the orbiter, engine type (pressure vs. pump fed) for the ballistics recoverable booster, and 
SRM motors (120" vs 156") for the solid booster. The HO Orbiter was baselined with three 
472K SSME's (Space Shuttle Main Engine) and reusable external insulation TPS for all pro- 
grams. Shuttle system operational costs were determined for the standard 445 flight traffic 
model (maximum 60 flights per year) together with comparative data for rates of 40, 20 and 
10 maximum flights per year. In addition, we considered the implications of providing 
orbiter pad abort, unmanned development flight testing, 380K HiPc engines in the small 
14x45 payload bay orbiter, and early production phasing of the last three orbiters. 

The cost/schedule estimates reported herein are in accordance with the program 
milestones leading to first manned orbital flight (FMOF) and with the traffic model defined 
in NASA Technical Directive GAC-9. These estimates were developed through the combined 
effort of the Grumman/Boeing team. Grumman developed cost/ schedule estimates for the 
orbiter and its related ground support equipment. Boeing developed corresponding estimates 
for the booster. Estimates for flight test and operations are the result of combined 
Grumman/Boeing analysis. Engine costs for the SSME and F-l engines are based on NASA 
guidelines and Rocketdyne data. Boeing prepared pressure-fed engine estimates based on 
data from Aerojet, Rocketdyne and NASA and solid rocket motor costs based on Lockheed, 
UTC, and Thiokol data. 




This report has been organized in the following sections; 

• Costing Ground Rules 

• Summary Cost Comparisons 

• Operational Cost Comparisons 

• Other Cost Considerations 

» Shuttle Program Cost/ Schedule Summaries. 

The second section describes the overall study groundrules used during the study » 

The matrix of program options is shown together with the recent update in system character- 
istics and design groundrules. The major assumptions employed in costing plus the atten- 
dant groundrules used for development and operations are also presented along with the 
baseline work breakdown structure. 

Section 3 contains comparative program cost data for all the primary series and 
parallel burn boosters with the large (15x60) orbit er and parallel solids with the small 
(14x45) orbit er. 

The fourth section describes additional groundrules used to determine system opera- 
tional costs (i. e. , out-of-pocket unamortized costs). It contains a detailed breakdown of 
average cost per flight of recoverable and expendable booster programs. The impact of 
the maximum flight rate assumption is also shown for both types of booster programs. In 
addition, comparative program costs are presented for initial and later years of operations. 

Section 5 summarizes the results of other cost studies which examined the effect of 
changing some of our basic groundrules and assumptions. Specifically included are the 
impact of providing for an unmanned flight test, and phasing early production of the last 
three orbiters. 

Section 6 contains a brief cost/schedule summary for each of the Space Shuttle Pro- 
grams studied. These programs include the following; 

• I5x60/Series/BRB (Pressure -Fed) 

• 15x60/Series/BRB (Pump-Fed) 

• 15x6 0/Series/So lids 
- 1207 and 156 SRM 

• 15x6 0/Par allel/BRB (Pressure-Fed) 
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• 15x60/Parallel/Solids 

- 1207 and 156 SRM 

• 14x5 0/ Par allel/So lids 

- 1205 and 156 SRM 

• 14x45/Parallel/Solids 

- 1207 and 156 SRM 

• 15x60 Swing Eng/Series/BRB (Pressure-Fed) 

• 15x60 (with abort rockets )/Series/BRB (Pressure-Fed)* 


QHUMMAN 



1-3 




Section 2 


COSTING GROUND RULES 


During the second half of the Phase B Study Extension, the Grumman/Boeing team 
examined a number of system options, as directed by NASA. The study key issues (Figure 
2-1) revolved around the selection of the appropriate booster (recoverable liquid or expend- 
able solid) for the HO Orbiter together with the preferred launch arrangement (series or 
parallel burn). In addition we were directed to examine the implications of a smaller pay- 
load bay size orbiter (14x45 vs 15x60) and providing capability for orbiter pad abort. 


• Wh*t Are T ethnical & Cost Differences Between Series/BRB & Parallel SRM? 

• How Much Weight & Cost Reduction for Smaller-Payload-Bay-Size Orbiter? 

• What Is Booster Design & Cost Status? 

• What Is Orbiter Design Status? 

• How Can We Achieve Pod Abort Capability? 

• What Are Implications of National Environmental Policy Act On Shuttle? 

Figure 2- 1 Study Key issues 

The study matrix used to initiate this investigation (Figure 2-2) depicts 16 program 
options baselined with a common orbiter SSME engine. Major emphasis, however, was 
directed toward definition of the series burn BRB with the large (15x60) orbiter and the 
parallel burn solids with the small (14x45) orbiter. Since the latter configuration would 
show the greatest cost differential compared to the other orbiter /booster options, the 
remaining booster configurations associated with the small orbiter were dropped from 
further consideration. 

The shuttle system requirements (Figure 2-3) have been updated to achieve initial 
performance equivalent to that previously identified with the Mk n version of a Mk I/Mk H 
system. Accordingly we drppped the two-phased approach for orbiter TPS and main engine 
development. Our current orbiter design has been baselined with SSME (472K) engines and 
RSI TPS. 

We have used a uniform set of design ground rules for all configurations (Figure 2-4). 
Notably we have sized all SRM's with thrust vector control and with a capability for thrust 
termination. 
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Figure 2-2 Program Options 
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Figure 2-3 System Characteristics 
























































• All SRMs Have Thrust-Termination Capability 

• 1207s & 1 205s to Be Used with Existing TVC, Thrust Termination, & 
Thrust Tailoring (Except if Max 6 & Max Q Constraints are Violated) 

• All Booster Separation for Parallel Burn Configuration to Use 
Separation Rockets 

• All Boosters Are Single-Stage 

• All Booster X' Curves to Be Used for Sizing to Assume TVC 

• 15 x 60 PLB Sized for Polar, 14 x 45K Sized for Oue East Missions - All 
Payload Requirements Met 

• to Be 1.25, Max Q to Be at or Below 650 psf for All Configurations 

• All SRM Nozzles to Be Canted to AHow Thrust Through CG at Burn-out, 
Including Thrust-Vectoring Capability 


Figure 2-4 Design Grouncfrules 


During this period we also updated our basic costing assumptions (Figure 2-5), 
derived from NASA Technical Directive GAC-9, to delete the Mk n program milestones. 

We retained the original milestones for Mk I FMOF as the new program baseline. In 
addition to the NASA groundrules, we have established other program ground rules (Figure 
2-6) for defining comparative program costs. For example, we have baselined no unmanned 
development flight tests during DDT&E. We have also retained our prior definition that 
DDT&E terminates with FMOF. Accordingly all booster programs have been defined with 
only one flight vehicle (FMOF) in the development program (Figure 2-7). 
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Figure 2-5 Key Costing Assumptions for Extended ASSC Study 
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9 Series Burn Interstage - Included With HO Tank 
9 No Unmanned Development Flights 
m Vehicle Operational Life 

- Qrbiter - >100 FSsghts 

— Series/Parallel BRfl —SO Flight 

- HO Tank - t Flight 

- SRNI's - 1 Flight 

9 Main Engine Operational Life 

- oSm l — ISv riigmi 

- F I - 30 Flights 

- Pressure Fed Engine - 50 Flights 

• Vehicle Production Learning Rate 

- Orbits? - 100% 

- Series/ParalMBRB - 91.5% 

- HO Tank - 90% 

- SRM's - 95% 

Figure 2-6 Additional Program Ground Rules 





15x60 | 


Orbiter 

Tank 

Ser/Par. 

BRB-Press 

Fed 

Series 

BRB-Pump 

Sor/Par. 
120 SRM 

Ser/Par, 
158 SRM 

Units per Vehicle 
Test Operations 

1 

1 

1/2 

1 

8/4 

3/2 

StrucWDyn/Sep Article 

1 

3 

1 

1 

1 

1 

Propulsion Article 

t 

- 

1 


8 

10 

FHF Vehicle 

1 

- 

- 

- 

- 

- 

FMOF Vehicle 

1 

1 

1 

1 

1 

1 

Flight Operations 







Test Vehicle Conversion 

2 


1 

1 

- 

- 

Operational Fleet, 445 
Flights 

5 

445 

12 

12 

445 

445 


Figure 2- 7 Vehicle Allocation 


All recoverable vehicles used in development (orbiter and boosters) are also planned 
to be part of the basic operational fleets Thus the two flight test orbiters plus three pro- 
duction orbiters comprise the five orbiter fleets Similarly the one development booster 
plus 11 production boosters comprise the fleet of 12 BRB’s. Expendable flight hardware, 
such as tanks and SRM’s, are procured in accordance with the overall flight schedule. 

We used the standard 445 flight traffic model, defined in GAC-9 with 60 maximum 
launches per year, (Figure 2-8), to determine comparative total program costs. The 
launch rate buildup of the standard model was also used to define the flight schedules for the 
alternate models limited to lower maximum flight rates of 40, 20 and 10 launches per year. 

All program costs have been accumulated in accordance with the baseline WBS, Figure 
2-9. As in the past, the main base facilities required for operations are included in Flight 
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Test WBS since it is the initial user. The Flight Test element includes both horizontal and 
vertical flight testing. Program system level engineering is included under Program 
Management as contractor support Conversion of all flight test orbiters and reusable 
boosters to an operational configuration are included in production. 



Figure 2-8 Traffic Model 
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Figure 2-9 Space Shuttle WBS 
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Section 3 


SUMMARY COST COMPARISONS 

The baseline orbiter has evolved from prior shuttle system/programmatic studies 
focused toward reducing overall program costs. Major emphasis has been placed on lower- 
ing total development costs and associated peak funding requirements. Retaining an accep- 
table operational cost per flight was also considered important. The orbiter weight/cost 
history is shown in Figure 3-1. 

4B 

SSME ( 2-632 K) 


H-33 

SSME (3-477K) 


HO - Mk \l\\ 

J-2S/SSME (4-265K) 

SSME (3472K) 

Figure 3- 1 Orbiter Weight/Cost History 

The original Phase B orbiter employed metallic TPS, internal propulsion tanks, 
cryogenic OMS and RCS, sophisticated avionics, and large SSME engines common with the 
booster. The H-33 Orbiter, which retained the same basic features, was lighter and less 
costly as a result of using external hydrogen tanks and smaller main engines. The HO Mk 
i/n 040A orbiter, however, achieved further economies by putting all the propellant in 
external tanks and adopting less costly current technology subsystems such as hypergolic 
OMS and RCS, low cost avionics, all aluminum airframe with phased external ablator/RSI 
TPS and a phased J-2S/SSME engine program. The Mk I development cost reported in De- 
cember was $2. 38B and the total Mk I/II development cost was $3. 13B. Over $400Mof the 
Mk II delta cost was attributed to deferred cost for developing the SSME. The remaining 
difference was largely due to the cost of developing RSI TPS and Mk n avionics for 
introduction in the operational fleet. 
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Today's baseline orbiter is an 040A derivative 0 It is designed to start out with a Mk H 
equivalent capability, namely RSI TPS, SSME engines and 40K up/down So Polar payload. 
The current orbiter is somewhat heavier primarily due to the requirement for the higher 
landed payload (4 OK versus 25K). However, from a cost point of view it is less costly to 
achieve the same systems capability because it avoids the parallel development activities 
necessitated by initially operating with the Mk I ablator TPS and J-2S engine and later on 
phasing in new systems. 

Comparative program costs are summarized in Figure 3-2 for all the program options 
studied, A brief cost/schedule summary is presented in Section 6 for each of these programs. 
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Figure 3-2 Cost Summary, $M 


The number and type of boosters are the primary discriminators among these programs. 
The lower development costs afforded by the solid boosters is offset by the increase in pro- 
duction cost relative to the recoverable liquid booster programs. The average cost per 
flight is almost twice as high for the solids as the liquids. 

Peak funding requirements generally are around $0, 9B for the solids and $1, IB for 
the pressure fed liquids. The pump fed recoverable booster, which requires less propul- 
sion system development with its existing F-l engine, has a peak funding requirement of 
just under $1B. 

By comparing all series programs (Figure 3-3) it is apparent that the solid boosters 
can be developed for about $900M less than the recoverable pressure fed booster. However, 
the solid booster systems cost more than twice as much to operate. The series pump fed 
booster, on the other hand, costs $50GM less to develop than the pressure fed version, ex- 
hibits peak funding requirements under $1B and offers competitive operational costs. 
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Figure 3-3 All Series 15 x 60 Cost Comparisons — 445 Flights 


In comparing all parallel burn baseline SSME (472K) configurations, there is an ap- 
parent similar DDT&E cost relationship between solids and liquid boosters. Figure 3-4. 

In this case, developing solids for the small orbit er costs about $850M less than developing 
the parallel BRB for the large orbiter. We can save about $100M in development costs by- 
going to the small payload bay system. The small payload bay parallel solid design does, 
however, reduce the system operational cost per flight from about twice the average cost 
per flight of the recoverable liquids to only about 1. 6 times as much. The same trends are 
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also evident when we compare the series BRB pressure-fed versus the parallel SRM pro- 
grams, Figure 3-5o Again, it costs about $900M more to develop the series liquid boosters 
than parallel solids for the same size orbiter and about $1B more compared to the small 
parallel solid orbit ers. 
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Figure 3-5 Series BRB vs Paralfel SRM Costs — 445 Flights 


We also examined the implications of using smaller SSME engines (380 K) in the 
14x45 parallel bum solid programs. The results of this analysis are reflected in the com- 
parative costs shown for the baseline 472K SSME programs and the 380K SSME program 
in Figure 3-6 and 3-7, While the smaller engine affords a slight decrease in total develop- 
ment costs it should be noted that cost per flight for the whole stack increases. The smaller 
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Figure 3-6 Series BRB 15 x 60 vs Parallel SRM 14 x 45 
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• Series BRB - 3 * 472K Engines 
6 Parallel SRM - 3 * 380K Enainei 



Figure 37 Series/BRB 15 x 60 vs Parallel /SRM 14 x 45 


thrust/weight available with the 3 8 OK engine necessitates higher staging velocities and 
hence larger expendable solids. As a consequence, the small SSME system costs about 
$1M more to operate per flight than the equivalent baseline SSME solid booster design. 

In addition we evaluated the impact of adding pad abort capability to the baseline 
series BRB/pressure fed program as well as to a Swing Engine Series BRB/pressure-fed 
program. Providing pad abort involves more than simply adding a simple abort solid rocket 
motor system to the orbiter and accounting for the attendant design iteration affect on the 
airframe and HO tank. It also imposes a new design requirement on all vehicle subsystems/ 
GSE/supporting facilities and thus adds another dimension to both hardware development 
and software development activities. It also necessitates another major systems develop- 
ment test for demonstrating overall systems adequacy. We have estimated that it will 
cost $250M more to develop a pad abort capability for the series BRB pressure-fed program, 
Figure 3-8. During the normal mission, the abort motor will be expended after it is no 
longer needed. Thus, there will also be an increase in operational costs ($320K per flight) 
due to these expended abort motors. 

The swing engine orbiter system, by comparison, will provide the same capability for 
$50M less in total DDT&E. The swing engine feature permits a lighter and hence less costly 
tank design with the aft location of the LO 2 propellant. However, the high-cost thrust struc- 
ture attached to the rear of the tank is expended during each flight which makes it more costly 
to operate than the comparable fixed engine design. 
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Figure 3-8 Series BRB (15 x 60) — Abort/Swing Engine Cost Comparison 
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Section 4 


OPERATIONAL COST COMPARISONS 


The system operational cost described in the previous section is simply the non-amor- 
tized out-of-pocket cost that would be charged to any user of the space shuttle system. The 
basic groundrules used to determine cost per flight are shown in Figure 4-1. A comparative 
breakdown of the basic elements included in average cost per flight is shown in Figure 4-2. 


• System Operational Cost Includes 

- Expend Flight Hardware and Materials 
— Propellants 

- Operations and Support 

- Shuttle Management 


• No Amortization 
- OOT&E 

— Investment — Reusable Vehicle, Engines, Facilities, and GSE 


• Learning Assumptions 

- HO Tank Production 

— Solid Motor Production 

- Solid Booster Production 

- Vehicle Operations (Maintenance 
Repair & C/0) 


-BOX 

- 95 % 

- 88 % 

-90% to 100 th Flight 


Figure 4- 1 Additional Ground Rules — Cost/F light 
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Figure 4-2 Average Cost/Flight -Standard Mode i 445 Flights 


The average cost per flight is derived from the total cost of each element divided by 
the total number of flights. However, if the effects of learning are considered, the initial 
flights will be more costly than the later flights. The basic learning assumptions used for 
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the production of tanks, solid motors, and booster stages are noted in Figure 4-1. The ef- 
fects of learning at the launch site during vehicle operations associated with maintenance, 
repair, and checkout have also been considered. 

Figure 4-3 illustrates the anticipated variation of cost per flight over the duration of 
the program. In the case of series BRB programs, only the learning effects due to tank pro- 
duction and vehicle operations impacts the cost. For the standard 445 flight (maximum 60 
flights per year) traffic model, the cost per flight varies from $I6M per launch for the first 
six launches to $6. 4M per launch in the tenth year of operations. The average cost per 
flight ($7, 07M) is not achieved until the sixth year of operations. At the lower traffic rates, 
constraints on minimum launch operation crews override any practical learning beyond the 
first few years. Hence the predominant effect lies in tank production. Comparative tenth 
year operation costs for the lower maximum flight rates of 40, 20, and 10 per year are 
$6. 8M, $8. 1M, and $9. 8M respectively. 

IS x 60 SERIES BR8/PRESS. FEO 



Figure 4-3 Operational Cost Sensitivity, 15 x 60 Series 
BRB/Pressure-fecf 


When the effects of production learning associated with solid boosters are added to the 
combined learning on tank production and vehicle operations a similar relationship is obtained 
for the small parallel solid program (Figure 4-4). The initial cost per flight varies from 
$25 M for the first six launches to $11. 9M in the tenth year of the 60 flight rate program. The 
average cost per flight of $13. 1M is also not achieved until the sixth year of operations. Com- 
parative operations costs in the tenth year for lower maximum flight rates of 20 and 10 
per year are $13. 7M and $17. 2M respectively. 
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Figure 4-4 Operational Cost Sensitivity , 14 x 45 Parallel 
1205 SRM 


During the initial years of operations the shuttle will be competing with other programs 
for its share of the available pay loads. Accordingly, the initial operational cost will be of 
immediate concern to any potential users. Figure 4-5 illustrates the wide variation in 
operational costs between the recoverable liquid systems and the expendable solids. During 
the second year of operations the pump-fed booster will run at about $9. 2M per launch and 
the small 1205 parallel solid program at about $16. 9M per launch. 



Figure 4-5 System Operational Costs Early Years 


Later on, the system operation cost will vary in accordance with the maximum annual 
flight rate. Comparative operational costs are shown in Figure 4-6 for the sixth and tenth 
year of operations. The cost /flight relationships between recoverable liquids and expendable 
solids are, however, the same an during the early years of the program. 
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Figure 4-6 System Operational Cost Comparison 


Another way to look at the implications of the traffic model is to consider total program 
costs after an equivalent period of operation. In Figure 4-7 it was assumed that the entire 
fleet of recoverable vehicles (i. e. , five orbiters and 12 BRB) would be procured as planned. 
Only the expendable hardware (tanks and solid boosters) were considered to vary with the 
vehicle operations and the corresponding traffic model. It should be noted that the pressure- 
fed becomes the most costly at the lowest flight rate, but the pump-fed retains its standing 
with decreasing traffic. When these costs vs total flights are plotted (Figure 4-8) it appears 
that the cross over in total program costs between recoverable liquid boosters and expendable 
solids lies between 100 and 200 total flights. Thus, if it is anticipated that total program traf- 
fic will exceed 200 flights, the liquids are lower cost options. 
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Figure 4-7 Total Program Traffic/Cost Comparison 
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Figure 4-8 Total Program Traffic/Cost Comparison 
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Section 5 


OTHER COST CONSIDERATIONS 

Throughout the study we have conducted numerous trade studies ranging from the major 
system and programmatic issues addressed in this report to more limited optimization 
studies within the vehicle subsystems. The impact on program cost is a primary factor in 
all of our studies. The results of our vehicle design/cost studies are discussed in the final 
technical report and will not be covered herein. Initial results of two major programmatic 
issues, related to the impact of providing an unmanned flight test, and phasing early produc- 
tion of the last three orbiters, are discussed below. 

5. 1 UNMANNED FLIGHT TEST 

Our current baseline does not include any provision for unmanned development flight 
testing. As we see it, the issue lies in determining whether it is necessary to man-rate the 
entire launch configuration (i* e. , orbiter and booster) prior to FMOF, whether partial man- 
rating limited to the booster is adequate, or whether we can gain the necessary confidence 
from the results of the ground test program to avoid the added expense and risks associated 
with an u nma nned orbiter /booster flight. The orbiter, of course, provides over 3/4 of the 
total velocity necessary to achieve orbit. It also has a much tighter development schedule 
than the booster. Our studies have shown (Figure 5-1) that implementing a full-up unmanned 
launch will delay FMOF by at least six months. This assumes that we limit the development 
program to two flight-test orbiters. Adding a third orbiter might ease the schedule delay 
but only at the expense of added peak funding. We have estimated that a six month delay plus 
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Figure 5- 1 Implications of Unmanned Flight ( UMF } 










the extra systems and additional software activity necessary to support this type of flight will 
increase the total development cost by approximately $250M. Most of this cost will be in- 
curred during the peak funding years. 

The second option, limited to man-rating the booster only, is less costly, but, we feel, 
also of questionable value. If the system must be man-rated with an unmanned flight, we 
believe it should be the entire launch configuration. This, however, imposes an added cost 
and schedule risk associated with the problems of successfully recovering an unmanned system 
from its first flight. Further studies will be required to resolve this issue. 

5c 2 PHASING PRODUCTION ORBITERS 

At our mid term report we scheduled the fabrication of the three production orbiters to 
be compatible with the delay imposed by the program milestone for Mk n FMOF. As a 
consequence, we had a production gap of over four years between the start of the second 
vehicle required for development flight testing and the third vehicle required to support 
additional launches and initiate Mk II operations. Deferring manufacture of production 
vehicles not required to meet FMOF was originally identified as one of the fundamental 
approaches for reducing peak funding. Since the latest design groundrules start out with an 
equivalent Mk II systems capability at FMOF, the previous production delay is no longer 
warranted. However, the concern for scheduling these vehicles to minimize the impact 
on peak funding still exists. Our studies to date have shown that the procurement of long 
lead items starts approximately 18 months before the onset of vehicle subassembly fabri- 
cation. For example, if initial manufacture of the third vehicle were delayed 13 months to 
coincide with the completion of vehicle No. 2, $30M would be added to the peak funding 
year. Figure 5-2 shows how the impact on peak funding diminishes with further production 
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Figure 5-2 Impact of Production Delay on Peak Funding 
( Fiscal '75) 
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delay. For our final report we baselined a 23-month production delay to minimize the 
impact on FY75 funding. However, this schedule is not an optimal solution for either re- 
taining the production crews in place nor deriving any practical benefits through normal 
production learning. Further studies on other production cycles will be required to select 
the optimal baseline schedule. 
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Section 6 


SHUTTLE PROGRAM - COST/SCHEDULE SUMMARIES 

This section contains a brief cost/ schedule data package for each of the shuttle pro- 
grams studied. Within each data package we have included a generic capsule summary of 
each program, a generic program schedule, system launch configuration, summary cost 
breakdown, and a summary funding schedule. The program data packages have been 
grouped in the following sequence: 

• 15x60 Orbiter/Serie s/Pres sure-Fed BRB 

• 15x60 Orbiter /Series/Pump-Fed BRB 

• 15x60 Orbiter/Series/Solids 

- 1207 and 156 SRM 

• 15x60 Orbiter /Parallel/Pressure-Fed BRB 

• Parallel/Solids 

15x60 Orbiter/1207 and 156 SRM 

- 14x50, 472K SSME’s Orbiter/1205 and 156 SRM 

- 14x45, 380K SSME’s Orbiter/1207 and 156 SRM 

• 15x60 Swing Engine Orbiter/Series/Pressure-Fed BRB 

• 15x60 Orbiter With Abort Rocket s/Par allel/P res sure-Fed BRB, 


Ik 


6-1 


OMUMMAN 




6. 1 SUMMARY - 15x6 o ORB ITE R/ SERIE S/ PRE SSURE -FE D BRB 



This program is defined with concurrent program go-ahead date of 6/1/72 for orbiter 
and booster. It supports the First Horizontal Flight (FHF) date of 4/1/76 and First Manned 
Orbital Flight (FMOF) date of 3/1/78. The main engine development programs for the or- 
biter (SSME) and the booster (pressure-fed engine) are also planned to support the FMOF 
milestone. 

Preliminary design review of the HO Orbiter is scheduled for Dec. 1973, 18 months 
after ATP, and Critical Design Review (CDR) early in CY 1975. To attain the early FHF, 
the horizontal flight test orbiter, FV-1, will be manufactured first, followed by the struc- 
tural test article (STA) and the FMOF orbiter, FV-2. A heavweight propulsion test ar- 
ticle (PTA) will be utilized for the main propulsion testing. Manufacture of the third or- 
biter, FV-3, will be started 23 months after the start of the second orbiter with the manu- 
facture of structural spares helping to fill the production gap of 10 months* The two subse- 
quent vehicles will be started at 13 -month intervals. 

The Serie s/Pres sure-Fed BRB is planned to have a development program similar to 
the orbiter. Major ground testing will be conducted utilizing a structural test article and 
a propulsion test article. The first flight vehicle will be used for FMOF, and 11 additional 
boosters are planned to support operations. During the 445 flight program normal attrition 
is expected to account for half the fleet. 
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The costs reflect the modification/construction/activation of supporting facilities as 
follows: 

• Michoud Assembly Facility (MAF) for orbiter and booster final assembly starting 
in 1974 

• Use of existing Seal Beach Facility for initial HO tank production. A new facility 
would be constructed to support the higher flight rate requirements in the 1980 T s. 
Transportation cost reduction may be realized by using Michoud for tank manufac- 
turing, assembly and checkout 

• Mississippi Test Facility (MTF) for orbiter and booster main propulsion testing 
starting in 1975 

• KSC Airfield for horizontal flight tests starting in 1976 

• MSFC Dynamic Test Rig for orbit er/booster modal survey starting in 1977 

• KSC VAB and LUT modifications for orb iter/booster mating, integration and 
launch operations starting in 1977. 
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Figure 6-1 15 x 60 Orbiter/Series/Press, Fed BRB Program Schedule 
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Figure 6-2 Launch Configuration Figure 6-3 15 x 60 Orbiter/Series/Pressure-Fed BRB Program Cost 

Summary (445 Flights), $M 









6.2 SUMMARY-15x60 ORBIT ER/SER3ES/PUMP FED BRB 



This program is defined with the same program milestones as the Series/Pressure- 
Fed BRB Program, The orbit er development and SSME development programs are also 

the same. 

The Series/Pump-Fed BRB Development Program, however, does not require the 
same engine/vehicle integration activity since it will be using existing F-l engines. As 
the pump-fed propulsion technology is well in hand, there are no plans for the usual main 
propulsion test. As in the previous program, the first flight vehicle will be used for FMOF, 
and 11 additional boosters are planned to support the 445 flight operations. 

Facility utilization is also the same except that MTF is only planned for the orbit er 
main propulsion tests. 
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Figure 6-5 15 x 60 Orbiter/Series/Pump-Fed BRB Program Schedule 
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Figure 6-6 Launch Configuration 


Figure 6-7 15 x 60 Orbiter /Series/Pump- Fed BRB Program Cost 
Summary (445 Flights ), $M 



Figure 6-8 15 x 60 Orbiter /Series/Pump-Fed BRB Program Costs 








6. 3 SUMMARY -15x60 ORBITER/SERIES/1207 (or 156”) SRM T S 




These programs are defined with the same program milestones as the Series/Pressure- 
Fed BRB Program. The orbiter development and SSME development programs are also the 
same. 

Development of 6-1207 SRM cluster will be more complex than the 3-156” SRM cluster. 
However the Titan 1205/1207 motor development will be more directly applicable to the series 
solid booster than the limited 15 6" motor development program. A structural test article 
will be used for static and dynamic testing of the SRM booster. The propulsion system test- 
ing, however, will be conducted at the motor contractors facility. A total of 445 sets of 
boosters will be manufactured for the ten-year program. 

Facilities utilization is similar to the Series/Pres sure -Fed BRB with added require- 
ment of constructing a solid motor integration building (SMIB) at KSC. This facility will be 
used for assembly of the SRM’s and mating of the booster with the HO tank/orbiter. 
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Figure 6-9 15x60 Orbiter, /Series/1 20" l or 156") SRM Program Schedule 
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Figure 6-10 Launch Configuration 


Figure 6-11 15 x 60 Or biter /Series/1 207 SRM Program Cost Summary 
(445 Flights), $M 
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Figure 6-12 15 x 60 Orbiter /Series/1 207 SRM Program Costs 
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Figure 6-13 Launch Configuration 


Figure 6- 14 15 x 60 Or biter /Series/ 1 56" SRM Program Cost 
Summary (445 Flights) ,$M 



Figure 6-15 15 x 60 Orbiter /Series/156 " SRM Program Costs 







6.4 SUMMARY-15X60 ORBITER/PARALLE L/PRESSURE-FED BRB 



This program is also defined with the same program milestones as the Series/Pres- 
sure-Fed BRB Program. Development requirements for the orbit er /booster /SSME/pres- 
sure-fed engine programs are the same. However, since the orbiter operates in parallel 
with two BRB's attached to the HO tank, twice as many boosters will be required. That is, 
a total of 24 boosters (or 12 sets) will be manufactured to support the 445 flight program. 

Similar supporting facility requirements are also planned. 
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Figure 6-16 15 x 60 Or biter /Parallel /Pressure-Fed BRB Program Schedule 
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Figure 6-17 Launch Configuration 


Figure 6- 18 15 x 60 Orbiter /Parallel/Pressure-Fed 8RB Program Cost 
Summary (445 Flights ), $M 








6« 5 SUMMARY-PARALLEL SOLIDS (120" or 156") 



The parallel solid programs for the large 15x60 orbiter and smaller (14x50/472K~ 
SSME and 14x45/3 8 OK -SSME) orbiters are also defined with the same program milestones 
as the Series/Pressure-Fed BRB Program. The orbiter/ SSME development programs are 
also planned the same. The parallel solid boosters are planned similar to the series solid 
boosters and will require 445 sets of boosters to support the operations program. 

Extensive modification of the Launch Umbilical Tower (LUT) is required in order to 
provide for liftoff of the parallel burn configuration. 
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Figure 6-20 15 x 60 Orbiter/Parallet 120" (or 156") SRM Program Schedule 


A 




fcpAV.i-.PAP. BAY .SIZE 15 x 6o|lf 


GLOW, M Lb 

4.580 

BLOW, M Lb 

2.788 

HO Tank Liftoff Weight, M Lb 

1.546 

Orbiter Injected Weight, < Lb 

246 

Total Inert Weight, K Lb 

596 

^ Stage' * ps 

5067 





DDT&E Production Operations Total 


Orbiter 

2207.0 

5B1.1 

- 

2788.1 

HO Tank 

280.2 

941.6 

- 

1221.B 

Boaster. 4-1 207 SRM 

21 5.3 

3797.4 

- 

4012.7 

Main Engine-0 rbitw/SSME 

435.0 

177.0 

- 

612.0 

Main Engine-Booster 





F tight Test-Or biter 

414.6 

1.3 

- 

415.9 

F tight Test-Booster 

130.1 

- 

- 

130.1 

Operations 

- 

- 

1472.11 

1472.8 

Shuttle Management 

141.0 

209.0 

56.1 

408.0 

Total Program 

3023.2 

5707.4 

1528.11 

11.059.4 


Figure 6-21 Launch Configuration 


Figure 6-22 15 x 60 Orbiter/Paraiiei/1207 SRM Program Cost Summary 
1 445 Flights), $M 


FV !▼ 


FHF 

▼ 


FMOF 

T 


* 


DDT&E. $M 

3823 

Peak Fund $M 

80S 

Total Prog SM 

11059 


Avg. Cost/Fit $M 
445 Fit. 


1.6 


«▼ 


14.66 






6-19 





73.5' 


156" Oia SRM (2) 


PAYLOAD BAY SIZE 15 x 60 





GLOW, M Lb 

4.553 

BLOW, M Lb 

2.854 

HO Tank Liftoff Weight, M Lb 

1.453 

Orbiter Injected Weight, K Lb 

246 

Total Inert Weight, K Lb 

568 

V Stago' fps 

5896 



Figure 6-24 Launch Configuration 


ODT&E Production Operations Total 

Orbiter 
HO Tank 

Boottar, 21 56" SRM 
Main Engine-0 rbiter/SSME 
Main Engine-Booster 
Flight Test-Orbitar 
Flight Test- Booster 
Operations 
Shuttle Management 
Total Program 


2207.6 

591.1 

- 

2718.1 

272.6 

927.0 


1199.8 

244.3 

3287.7 


3532.0 

435.0 

177.0 

- 

812.0 




- 

414.5 

1.3 

- 

415.8 

129.8 

- 

- 

129.8 

- 

- 

1378.0 

1378.0 

149.5 

200.9 

55.7 

408.0 

3952.7 

6174.9 

1433.7 

10,481.3 


Figure 6-25 15 x 60 Orbiter/Paratlel/156 " SRM Program Cost Summary 
(445 Flights), $M 


u H 


1.2H 


SB 


FHF FMOF 

FV,v jT «▼ sT 


DDT&E, SM 

3853 

Peak Fund $M 

896 

Total Prog $M 

10461 

Avg. Cost/Fit $M 
445 Fit. 

13.10 



Figure 626 15x60 Orbiter/Parallef/156" SRM Program Costs 








DDT&E Production Operations Total 



Orbiter 
HO Tank 

Booster, 4-1 205 SRM 
Main Eogine-Orbiter/SSME 
Main Engine -Booster 
Flight Test-Orhiter 
Flight Test-Booster 
Operations 
Shuttle Management 
Total Program 



05 

I 

to 

o 


Figure 6-27 Launch Configuration 


Figure 6-28 14 x 50 Orbiter, /Parallel, /1 205 SRM ( 472K/SSME ) Program 
Cost Summary (445 Flights), $M 



Figure 6 29 14 x 50 Orbiter/Para/lel/7205 SRM (472K/SSME) Program Costs 


































6-21 



Arbiter 
HO Tank 

Booster, 2-1 58" SRM 
Main Engine-Orbitw/SSME 
Main Engine-Booster 
Flight Test-Or biter 
Flight Test-Booster 
Operations 
Shuttle Management 
Total Program 


DOT&E Production Operation* Total 



Figure 6-30 Launch Configuration „ ' Figure 6-31 14 x 50 Orbiter /Parallel /1 56" SRM (472K/SSME) Program Cost 

Summary (445 Flights), $M 
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DDT&E Production Operations Total 

Orbitwr 
HO Tank 

Booster, 4-1207 SRM 
Main Engine-0 rbitar/SSME 
Main Engine-Booster 
Flight Test-0 rbiter 
Flight Test-Booster 
Operations 
Shuttle Management 
Total Program 



Figure 6-33 Launch Configuration 


Figure 6-34 14 x 45 Orbiter/Parailei/1207 SRM (380K/SSME) Program Cost 
Summary (445 Flights), $M 



Figure 6-35 14 x 45 Orbiter /Parallel/1207 SRM (380K/SSME) Program Costs 










PAYLOAD BAY SIZE 14 x 45j 

mmm 

Orbiter Engines 

3x472 

3* 380 

SRM Diameter. In 

156 

156 

GLOW, M Lb 

3.705 

3.953 

BLOW, M Lb 

2.144 

2.569 

HO Tank Liftoff Weight, M Lb 

1.3SO 

1.181 

Orbiter Injected Weight, K Lb 

211 

203 

Total Inert Weight, K Lb 

476 

504 

V Stage- fps 

5399 

6176 


156" SRM (2) 
IH- 


LN 2 /l T 

i / Z/3 x 380 K ’ . 

= ' SSME 724 



2 x 2031, KSL Thrust 


Figure 6-36 Launch Configuration 


Orbiter 
HO Tank 

Booster, 2-156" SRM 
Main Engine-Orlriter/SSME 
Main Engine-Booster 
Flight Test-0 rbiter 
Flight Test-Booster 
Operations 
Shuttle Management 
Total Program 


DOT&E Production Operations 


2165.5 

563.3 

251.0 

86 7.9 

240.0 

3080.0 

400.0 

164.0 


160.0 189.0 


3760.8 

4885.5 

1435.0 

10061.3 


Figure 6-37 14 x 45 Orbiter /Parallel /1 56" 
SRM (380K/SSME) Program 
Cost Summary ( 445 Flights), $M 


FHF FM0F 

fviV w aT 


DDT&E.SM 

3 

761 

Peak Fund $M 


171 

Total Prog $M 

10 

161 

Avg. Cost/Fit $M 

12 

47 


I El El El El El ■£■ Ell 


Figure 6-38 14 x 45 Orbiter /Parallel /1 56 'SRM (380K/SSME) Program Costs 































6.6 SUMMARY-l5x60 SWING ENGINE ORBITER /SERIES/PRESS URE-FED BRB PROGRAM 



As in the prior programs, this program is also defined with the same program mile- 
stones as the baseline Series/Pressure-Fed BRB Program. The booster and pressure-fed 
engine development programs are planned the same. Except for the need to develop inte- 
gral SSM E/hydraulic pumps the SSME program is also the same. The orbiter development 
program is also similar except that it is planned with a flight weight rather than heavy 
weight propulsion test article and has additional development activity associated with the 
swing engine mechanism and the abort motor system. A major subsystem/GSE hardware 
and software development activity is anticipated due to the pad abort capability. In addition 
a major systems test (TBD) is planned to demonstrate overall systems abort capability. As 
the abort motor is expended during each flight, when it is no longer needed, 445 sets of 
motors will be required for operations. Except for the requirements imposed by the abort 
motor, supporting facility requirements are also expected to be the same as the baseline 
Series/Pressure-Fed BRB Program. 
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| PAYLOAD BAY SIZE 15x60 

GLOW, M Lb 

6.353 

BLOW, M Lb 

5.020 

HO Tank Liftoff Weight M Lb 

1.051 

Orbiter Injected Weight, K Lb 

210 

Total Inert Weight M Lb 

1.13 

V StHge< 

4743 




Orbiter 
HO Tank 
Booster 

Main E ngi tie- Orbiter /SSME 

Main Engine- Booster/Press. Fed 

Flight Test-Or biter 

Flight Test-Booster 

Operations 

Shuttle Management 

Total Program 


ODT&E Production Operations Total 


2399.4 

711.4 

- 

3110.8 

240.9 

928.1 

- 

1169.0 

946.7 

565.4 

- 

1612.1 

445.0 

177.0 

- 

622.0 

142.6 

52.8 

- 

195.4 

412.8 

1.3 

- 

414.1 

121.6 

- 

- 

121.6 

- 

- 

2149.4 

2149.4 

211.0 

103.0 

102.0 

416.0 

4920.0 

2539.0 

2251.4 

9710.4 


Figure 639 Launch Configuration 


Figure 6-40 15 x 60 Swing Engine Orbiter, /Series/Pressure- Fed BRB Program 
Cost Summary (445 Flights), $M 
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72 

73 


7P 

76 

\jL 
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79 
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.50 

.807 

1 .1 68 1 

1.145 

1.03 

1 96 


.59 

.48 

.43 

.40 

.38 

34 

.32 

.23 

.15 



Figure 6-4 1 15x60 Swing Engine Orbiter/Series/Pressure-Fed BRB Program Costs 









6. 7 SUMMABY-15X60 ORBITER WITH ABORT ROCKETS/ SERI ES/PRESSUR E-FED BRB 
PROGRAM 



This program is defined with the same milestones as the Series/Pres sure-Fed BRB 
Program. The orbiter development and SSME development programs are also the same. 
Additional development activity associated with the abort rockets will be required concurrent 
with orbiter development. Pad abort capability will also require additional development 
costs in orbiter system level development, test, integration, installation, assembly and 
checkout as in the Swing Eng ine Program. Since the abort motors are jettisoned at staging 
on flights where abort is not required, 445 sets of abort motors will be required for opera- 
tions. Facilities requirements will be as in the Swing Engine Program. 
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7 x 1178 K 


Orbiter 
HO Tank 
Booster 

Main Engine-Orbitw/SSME 

Main Engine-Booster/Press. Fad 

Flight T Bit- Qr biter 

Flight Test-Booster 

Operations 

Shuttle Management 

Total Program 


OOT&E 

Production 

Operations 

Total 

242S.G 

706.9 

- 

3132.5 

265.7 

906.3 

- 

1172.0 

958.G 

584.4 

- 

1543.0 

435.0 

177.0 

- 

612.0 

145.7 

59.8 

- 

205.5 

402.8 

1.3 

- 

404.1 

121.5 

- 

- 

121.6 

- 

- 

2149.3 

2149.3 

215.0 

103.3 

97.7 

416.0 

4970.0 

2539.0 

2247.0 

9756.0 


Figure 6-42 Launch Configuration 


Figure 6-43 15 x 60 Orbiter With Abort Rockets/Series/Pressure-Fed BRB 
Program Cost Summary ( 445 Flights), $M 






